We consider the first order form of the Einstein-Hilbert action and quantize it using the path integral. Two gauge fixing conditions are imposed so that the graviton propagator is both traceless and transverse. It is shown that these two gauge conditions result in two complex Fermionic vector ghost fields and one real Bosonic vector ghost field. All Feynman diagrams to any order in perturbation theory can be constructed from two real Bosonic fields, two Fermionic ghost fields and one real Bosonic ghost field that propagate. These five fields interact through just five three point vertices and one four point vertex.
I. INTRODUCTION
It has been shown with both Yang-Mills (YM) action and the Einstein-Hilbert (EH) action for gravity, that by using the first order form of the action, there is only a single vertex arising from the classical action and this is independent of momentum [1] [2] [3] [4] [5] . This simplifies the computation of loop diagrams, even though the number of propagating fields is increased.
It has also been shown that imposing both the conditions of tracelessness and transversality on the spin two propagator associated with the EH action requires use of a non-quadratic gauge fixing Lagrangian [6] [7] [8] [9] [10] . Such gauge fixing results in the need to consider the contributions of two complex Fermionic ghosts and one real Bosonic ghost analogous to the usual complex "Faddeev-Popov" ghosts.
In this paper we consider how the full first order Einstein-Hilbert (1EH) action can be used in conjunction with the transverse-traceless (TT) gauge. We will show that the spin two propagator is TT only if the gauge fixing parameter α is allowed to vanish. This limit for α results in a well defined set of Feynman rules with two propagating Bosonic fields, two complex Fermionic ghost fields, one real Bosonic ghost, three three-point vertices for the Bosonic fields and four ghost vertices.
II. THE TT GAUGE FOR THE 1EH ACTION
The Einstein-Hilbert action in first order (Palatini) form
when written in terms of the variables
and
This "Palatini" form of the action facilitates a canonical analysis of S [11] . It is equivalent to the second order form of the EH action at both the classical and quantum levels [5] . The diffeomorphism invariance of S in Eq. (2.1) leads to the local gauge transformations
The term bilinear in h and G in Eq. (2.3) does not lead to a well defined propagator, irrespective of the choice of gauge fixing. However, upon making an expansion of h µν about a flat background
the term bilinear in φ and G arising from Eq. (2.3) does have a well defined propagator once an appropriate gauge fixing is chosen. These bilinear terms are the first order form of the action for a spin two field [11] . In order to have a TT propagator for the spin two field we must consider a general gauge fixing Lagrangian that is not quadratic [6] . If the classical Lagrange density appearing in Eq.
, then this entails inserting into the generating functional
where φ = (φ µν , G λ µν ). The gauge transformations of Eq. (2.4) are of the form
and the gauge fixing conditions are
Insertion of a third factor of "1" that is of the form
into Eq. (2.6) leads to
Since the gauge transformation of Eq. (2.8) leaves L(φ), Dφ and det( F i A ) invariant [12, 13] , we can make the
A factor 1/(πα) d/2 Dθ + has been absorbed into the normalization of Z. We now choose the gauge fixing to be
The gauge fixing contribution of Eq. (2.13) becomes
can be made to diagonalize Eq. (2.15) in θ − and φ. In Refs. [6] [7] [8] = ±1 and a shift in φ was used to diagonalize the gauge fixing, but as such a shift is not a gauge transformation, L(φ) is not invariant under this transformation and new vertices involving φ and θ − must be introduced. We take = ±1 in order to be able to make a shift in θ − that eliminates mixed propagators for these fields without introducing extra vertices. Together Eqs. (2.15) and (2.16) result in
The integral over θ − can now be evaluated in Eq. (2.17) ; it results in a contribution
We now treat the last term in Eq. (2.17) as an interaction term. Due to its structure, the two fields φ that occur explicitly (A also is φ dependent on account of Eq. (2.4a)) are contracted with a propagator for φ µν and a factor of X where
by Eq. (2.14).
We know from Refs. [6] [7] [8] that as α → 0, the propagator for the field φ µν that comes from
is transverse and traceless in the limit α → 0 provided g 1 = g 2 . Only terms of order α are not transverse and traceless. Thus, on account of the structure of Eq. (2.19), the contribution of the vertex coming from the last term in Eq. (2.17) vanishes as α → 0, even though this vertex is proportional to 1/α. There is on exception to this; when a sequence of these vertices lies in a ring, then a finite contribution arises in the limit α → 0. To see this in more detail, write this last term in Eq. (2.17) as
A ring in which a sequence of these vertices occurs results in a contribution proportional to
where D is the propagator of φ. From Eq. (2.19) it is apparent that since when α → 0 D is transverse and traceless, then X D is of order α; since we have a factor of 1/α for each factor of X D on account of these vertices occurring in a ring, we can let
Furthermore, a contribution of a closed loop of these vertices can be written as 
The functional determinants in Eq. (2.24) can be exponentiated using "ghost" fields; det( F i A ) (i = 1, 2) using complex Fermionic "Faddeev-Popov" ghosts c i [14] [15] [16] [17] , det( N ) by a complex Fermionic Nielsen-Kalosh ghost [18, 19] 
Using Eqs. (2.19) and (2.25) and the propagator for φ given in Ref [6] we find that the contribution that is bilinear in the ghost ζis given by
Similarly, the vertex for
can also be worked out. The vertices φ -φ -ζ -ζ and φ -ζ -ζ are both quartic in the external momenta. The two complex "Faddeev-Popov" ghosts c 1 and c 2 and the real Bosonic ghost ζ reduce to a single complex Fermionic Faddeev-Popov ghost c = c 1 + ic 2 if we deal with a quadratic gauge fixing Lagrangian when F 1 = F 2 .
If we now define M µν λ πτ σ (h) by the equation
so that off diagonal propagators φ − G are eliminated. However, two new momentum dependent vertices now arise. They are φ − φ − φ and φ − φ − G.
With the gauge fixing of Eq. (2.14) we find from Ref. [6] that the propagator for the field G λ µν is
The propagator for φ µν is [6] 
this becomes the transverse-traceless propagator.
For the real fields c i we have
The vertices are given by
+ six permutations of (p, µ, ν) (q, α, β) (r, γ, δ) (2.34d)
If g 1 = g 2 , we cannot recover the TT propagator from Eq. (2.33b) even if α → 0 [6] .
For the Bosonic ghost ζ µ we have a propagator and vertices that follow from Eqs. (2.27) and (2.28). The arguments used in ref. [12, 13] can be used to show that when using a non-quadratic gauge fixing Lagrangian, physical results are independent of the gauge choice.
Beginning with the insertion of Eq. (2.7) into Eq. (2.6), we have
We can now insert into this equation a further factor of "1"
and then by interchanging ω and θ 1 , and p 1 and q we see that F 1 and F 3 are interchanged without altering Z[j], demonstrating that Z is independent of the gauge fixing condition. It would be interesting to derive a set of WTST and BRST identities associated with the gauge transformation of Eq. (2.4) and the gauge choices of Eq. (2.14).
